It is shown that an external magnetic field, of strength at least comparable with that of the pulsar at the light cylinder, will modify the structure of the funnel of the open field lines. It affects the radiation power of charged particles and gamma-quanta emitted by radio pulsars (as well as the width and phase of pulses and possibly the power of radio emission). The effect depends also on the angle /3 between the neutron star magnetic moment and the direction of the external magnetic field. In a wide range of /3, the external magnetic field increases the emission of particles. Only at /3 close to 180 0 does the external field suppress the particle emission and the pulsar can even be switched off.
INTRODUCTION
We study the effect of an external magnetic field on the cone of open magnetic field lines and, consequently, on radiation power of radio pulsars. The effect depends on the angle f3 between the magnetic moment of a neutron star and the external magnetic field. The limiting cases of f3 = 0 0 and f3 = 180 0 have been considered recently by the author (Tsygan 1996) . For the pulsars with the periods of P= 1 s and polar magnetic fields Bo = 10 12 G, this effect becomes important if the external magnetic field is BI =Bo(4/27) (QoJC)3 ~ 1 G. Such a field can be available in the binary system (with degenerate dwarfs, neutron stars and so on).
A RADIO PULSAR IN AN EXTERNAL UNIFORM MAGNETIC FIELD
The magnetosphere of a rotating neutron star is naturally divided into two parts: the region of closed magnetic field lines and the region of open lines which go to infinity (Goldreich & Julian 1969; Manchester & Tailor 1977) . The polar angle of the last open magnetic field line near the neutron star surface is determined by the light cylinder radius RL = c/O and is equal to 00 = (a/RS!2 = (fJa/c)1!2, where 0 is the rotational angular velocity of the star, a is the stellar radius and c is the speed of light.
If the rotational stellar axis coincides with the magnetic axis, some magnetic field lines become open owing to inertia of the ejected plasma. The cone of open field lines is deter-*E-mail: tsygan@astro.ioffe.rssi.ru © 1997 RAS mined by the energy density of particles accelerated by the stellar electric fields. For the electrodynamical model that we use, the cone angle is 00=K1!4(fJa/c)I!2~0.6(fJa/cy!2, which is close to the value (fJa/c)I!2 determined by the radius of the light cylinder [K=(r/a) (I/Ma 2 ) is the general relativistic parameter, M is the stellar mass, I is the moment of inertia, and r g =2GM/c2 is the gravitational radius].
The electrostatic potential in the reference frame corotating with the neutron star depends on the open-cone angle 00 • For the neutron stars with the surface temperature T> 2 X 10 5 K, the thermal emission of electrons and ions is important. It produces 'free emission' of charged particles. In the 'free-emission' regime, the electric field in the region of open magnetic field lines is determined by the general relativistic effect of drag of inertial reference frames (Muslimov & Tsygan 1990 , 1992 Beskin 1990) . The electrostatic potential is (Muslimov & Tsygan 1992) <1>('1, 0 =~ (~) BoaO~ (1-:3) (1-~2) cos X, (1) where Bo is the magnetic field on the pole, '1=r/a is a distance from the star in units of stellar radius and X is the angle between the magnetic and rotational axes. The the external field affects the magnetosphere. Moreover, consider the case in which the region of influence of the external magnetic field on the stellar field is within the light cylinder. The final state of the system will be described by linear superposition of the magnetic fields. BcJ>= -Bl sin P sin ¢.
Here, we use spherical coordinates with the z-axis along the magnetic moment; the x-axis is chosen to lie in the plane based on the vectors Bl and m. Fig. 1 shows magnetic field lines given by equations (2) We obtained the cone parameters by numerical calculations. Fig. 2 shows that the cross-section of the cone by the stellar surface is a circle whose displacement from the initial rg/a« 1 and cos XT~O can be written as (Muslimov & Tsygan 1992) 
Equation (1) is the axial symmetric solution of (3) with the boundary conditions <I> = 0 on the cone surface. It is valid in the range of (1 + 0o) < 11 < 11p(l-Oo~), where 11p is the distance at which the electron-positron plasma is generated. For a pulsar with period P = 1 s (0 o ::::: 1.4 x 10-2 ) and magnetic field Bo = 10 12 G one has 11p = 1.3-1.5 (Muslimov & Tsygan 1992; Tsygan & Spruit 1995) , that is the length of cone above the surface is 20-35 times larger than its radius.
The first term on the left side of (3) is generally small except near the cone ends 11 = 1 and 11 = 11p. In order to solve equation (3), which depends on the angle ¢, we may add the termsA n x (1-1/113) oncos(n¢) (with n =0, 1,2, ... ). These where Lo refers to the energy loss without external magnetic field. The radio-emission power of the pulsar is a small part of the power of accelerated charged particles. However, one can suppose that the radio emission (and also the pulse width and the shift of phase) is to increase in the external magnetic field together with the energy losses Lm(6). Therefore, the external magnetic field of about 1 G (for a pulsar periodP= 1 s andB o = 10 12 G) can significantly affect the generation of relativistic particles and gamma-quanta, and, accordingly, the pulsar radio emission. The radiation is enhanced in a wide range of angles f3 between the neutronstar magnetic moment and the external magnetic field. Such an external field can be possible in binary systems. If, for instance, the pulsar companion is a degenerate dwarf with the magnetic field ~ 10 8 G, then the field will reduce to ~ 10 G at a distance of about 200 times the radii of the dwarf. For the radius of the dwarf of ~ 7 x 10 8 cm, the orbital period of the system will be ~5.6 x (1_e)-3/2 h (where e is the eccentricity of the orbit).
